We show that the recent measurements of B s − B s mass difference, ∆m s , by DØ and CDF collaborations give very strong constraints on an MSSM scenario with large mixings in the LL and/or RR sectors of down-type squark mass squared matrix.
The flavor changing processes in the s −b sector are sensitive probe of new physics (NP) beyond the standard model (SM) because they are experimentally the least constrained. In the minimal supersymmetric standard model (MSSM), however, the flavor mixings in the chirality flipping down-type squarks, s L(R) − b R(L) , are already strongly constrained by the measurement of BR(B → X s + γ). On the other hand, large flavor mixings in the chirality conserving s L(R) − b L(R) has been largely allowed. Especially the large mixing scenario in the s R − b R sector has been drawing much interest because it is well motivated by the measurement large neutrino mixings and the idea of grand unification [1] .
Recently DØ and CDF collaborations at Fermilab Tevatron reported the results on the measurements of B s − B s mass difference [2, 3] 17 ps −1 < ∆m s < 21 ps −1 (90% CL), ∆m s = 17.33
+0.42
−0.21 ± 0.07 ps
respectively. These measured values are consistent with the SM predictions [4, 5] ∆m SM s (UTfit) = 21.5 ± 2.6 ps
which are obtained from global fits, although the experimental measurements are slightly lower. The implications of ∆m s measurements have already been considered in model independent approach [6, 7, 8] , MSSM models [9, 10] , Z ′ -models [11] , etc.
In this paper, we consider the implications of (1) on an MSSM scenario with large mixings in the LL and/or RR sector. We do not consider flavor mixings in the LR(RL) sector because they are i) are already strongly constrained by BR(B → X s + γ) and ii) therefore relatively insensitive to B s − B s mixing. We neglect mixings between the 1st and 2nd generations which are tightly constrained by K meson decays and K − K mixing, and mixings between the 1st and 3rd generations which are also known to be small by the
Therefore the scalar down-type mass matrix in the basis where down quark mass matrix is diagonal is assumed to be given by [13, 14] 
by exchanging L ↔ R. We note that this kind of scenario is orthogonal to the one with flavor violation controlled only by CKM (minimal flavor violation) [12, 8] where large flavor violation in s − b is impossible a priori.
with
Similarly, the exchange L ↔ R in (5) gives Γ R . We restrict 0
• so that the mass eigenstate s( b) has more strange (beauty) flavor.
The most general effective Hamiltonian for B s − B s
has 8-independent operators
The Wilson coefficients for ∆B = ∆S = 2 operators can be obtained by calculating the gluino mediated box diagrams. Since the chargino and neutralino exchanged box diagrams are suppressed by the small gauge coupling constants, we neglect them. In the scenario we are considering, when we consider only LL (RR) mixings, the SUSY box contributes only to C 1 ( C 1 ). When both LL and RR exist simultaneously, there are also contributions to C 4 and C 5 . However, C 2 and C 3 are not generated at all. Note that the induced LR (RL) mixing [15] does not occur, either, because we set M ≡ 0 3×3 . Otherwise, the SUSY parameter space is further constrained depending on tan β [15] . The analytic formulas for the Wilson coefficients at the MSSM scale are given by
where the loop functions are defined as
and the j and k are defined in [16] . The RG running of the Wilson coefficients down to m b scale can be found, for example, in [17] .
Now we can calculate the B s − B s mixing amplitude, which is in the form
From the recent measurements the allowed range 0.55 < |1 + R| < 1.37 (11) can be obtained [10] . We will use (11) to constrain the MSSM scenario. By taking the ratios much of the non-perturbative uncertainties cancel in (11) . However, when both LL and RR exist, the operators O 4 and O 5 contribute and additional uncertainty comes from their Bag parameters [17] . We set B 4 = B 5 = 1.
The SUSY parameters we consider are directly constrained by the measured branching ratio of inclusive B → X s + γ. We take this constraint into account, although it is not so severe as in LR or RL mixings. We used
to be conservative. 
The parameter space for these plots is not constrained by BR(B → X s + γ).
From (8) it is obvious that the larger the mass splittings between s and b, the larger the SUSY contributions are. Therefore we expect that (11) constrains the mass splittings when the mixing angles θ L(R) are large. This can be seen in Figure 1 where we show constant Figure 1 . We can again see the strong dependence on the CPV phase δ L . It can also be seen that the parameter space with large mixing angle θ L can be made consistent with the experiments by partial cancellation with the SM contributions. 
We assume both LL and RR mixings exist. The rest is the same with Figure 1 .
Now we consider a scenario with both LL and RR mixings at the same time. Then the operators O 4 and O 5 are additionally generated as mentioned above. They give much larger contribution to B s − B s mixing amplitudes than O 1 or O 1 . As a consequence, the constraint on the SUSY parameter space is very stringent as can be seen in Figure 3 . In Figure 3 we set
Even for small mass splittings most region of the parameter space is ruled out by giving too large ∆m s .
The CPV phase in the B s − B s mixing amplitude will be measured at the LHC in the near future. In the SM, the measured time-dependent CP asymmetry, S ψφ , is predicted to be very small, S SM ψφ = sin 2β s = 0.038 ± 0.003 [7] . If the NP has additional CPV phases, however, the prediction can be significantly different from the SM prediction.
In Figure 4 , we show |1 + R| constraint and the prediction of
For this plot, we assumed the scenario with LL mixing only and maximal mixing θ L = π/4. It is approximated to be [19] 
In Figure 5 , we show the correlation between A s SL and S ψφ in the LL mixing scenario, using the value Re(Γ [7] . The figure shows that the two observables are strongly correlated and and large negative S ψφ value is already disfavored.
In conclusion, we considered the MSSM scenario with large LL and/or RR mixings in the down-type mass squared matrix. This scenario is strongly constrained by the recent mesurements of B s − B s mass difference, ∆m s , in contrast with the MSSM scenario where the flavor mixing is controlled only by the CKM matrix [12, 8] . The constraint is most stringent when LL and RR mixings exist simultaneously. It is also shown that the allowed region is quite sensitive to the CP violating phase.
We also considered the time-dependent CP asymmetry, S ψφ , and the semileptonic CP asymmetry, A s SL . It was shown that the S ψφ can take any possible value. There is also strong correlation between S ψφ and A s SL . By the current value of A s SL , the large negative S ψφ value is already disfavored.
